10/511957 




DTI 



w 



ic'dPCT/PTO 1 9 OCT 2004 



PATENT 
Docket No. 4586-4003 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s) 



Patrick Gross 



Group Art Unit: TBA 
Examiner: TBA 



Serial No. 



TBA 



Filed 



October 19. 2004 



For 



Magnetic Resonance Imaging Receive Circuit 



EXPRESS MAIL CERTIFICATE 



Express Mail Label No, EV 498834841 US 
Date of Deposit October 19. 2004 

I hereby certify that the following attached paper(s) and/or fee Transmittal Letter to the United States 
Designated/Elected Office: (International Publication No. WO 03/093851: International Search Report: Search 
Report under section 17(5)): Information Disclosure Statement: Form PTO-1449 (enclosing cited references^ a 
check in the amount of $950.00: Preliminary Amendment and Return Postcard is being deposited with the United 
States Postal Service "Express Mail Post Office to Addressee" service under 37 C.F.R. §1.10 on the date indicated 
above and is addressed to the Commissioner for Patents, P.O. Box 1450 Alexandria, VA 22313. 



CORRESPONDENCE ADDRESS: 
MORGAN & FINNEGAN, L.L.P. 
3 World Financial Center 
New York, New York 10281 
(2 1 2) 4 1 5-8700 telephone 
(212)415-8701 Facsimile 

FORM: EXP-MAIL.NY 
Rev. 05/27/98 



Vivian King 




(Typed or printed name of person mailing paper(s) and/or fee) 



874348 vl 




QfiBce ^ 



n 



PRIORITY 
DOCUMENT 

I SUBMITTED OR TRANSMITTED IN 

COMPLIANCE WITH RULE 17.1(a) OR (b) 

1 



Rec'dPCT/PTO 19 OCT 2004 

PCI/SB 2003/ 00 t 8 9r 




IKTESTORIKFEOFLB 



The Patent Office 
Concept House 
Cardiff Road 



Newpor 

South ^A 4Igso (i s JUN 2003 

NPIO 8(JQ 



WlPO 



POT 



the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
origmally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1 982, if a company named in 
this certificate and any accompanymg documents has re-registered under the Companies Act 1980 
with the same name as that with which it was registered immediately before re-registration save 
for the substitution as, or mclusion as, the last part of the name of the words "public limited 
company" or their equivalents in Welsh, references to the name of the company in this certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 

In accordance with the rules, the words "pubUc limited company" may be replaced by p.l.c, pic, 
P.L.C. orPLC. 




istration under the Companies Act does not constitute a new legal entity but merely 
^ the company to certain additional company law rules. 



Signed 
Dated 21 May 2003 





AnExecutiveAgencyoftheDepartmentoflhideandlndustiy 



# • 



Pjat^iatsFonnl/77 



Ac! 1977 
16) 



Office 



Mm uimH CSeffiS. 

m/m 0.00-0209756.6 




-'storm) 

23 APR 2002 



2S APR 2002 




The Patent OfQce 

CarcUfTRoad 
Newport 
South Wales 
NP91RH 



Your reference 
I. PatenTSipplteatioras^ 



]\1NM/P33 177GB 



(TbQ Patent OlBce wWHSln this part) 



0209756.6 



3. Fiill name, address and postcode of the or of 
each applicant (und&imeatt surnames) 



Patents(ADP number (if you know it) 

If the applicant Is a corporate body, give the 
country/state of its incorporation 



Imperial College Innovations Ltd 
47 Prince's Gate 
Exhibition Road 
London SW7 2QA 



England 



4. Tide of the invention 

Magnetic Resonance Imaging Receive Circuit 



5, Name of your agent Of you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(IndudUng the postcode) 



Kilbum&Sti-ode 
20 Red Lion Street 
London 
WC1R4PJ 



Patents ADP number (if you know it) 12500 1 



6. If you are declaring priority from one or more 
earlier patent apphcatlons, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know JO the or 
each application number 


Countty Priority application number 
(ifyouJtnowJ^ 


Date of nUng 
(day /month /year) 


7. If this application Is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 


Number of eariier application * 


Dateof Gling 
(day /month /year) 


8 . Is a statement of inventorship- and of riglit ' 
to gi-ant of a patent required in support of 
this request? (Answer Tes'J£ ' • 

a) ar^ applicant named Jo pait 3 Js not an Inventor, or 

b) there Js an inventor wlioJs not named as aa 
appJicant or 

c) any named applicant is a corporate body 
See note (d)) 


YES 





Patents Fonn 1/77 

t 

i 



>*€ntsFonnl/77 



10. 



Enter the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this fonn 
Description 

Abstract j *T])(Vi. * 
Drawing^; 

« you are also tiling any of the following, " 
state how many against each item. 

Priority documents q 
Translations of priority documents q 
Statement of inventorship and riglit q 

to grant of a patent (Patents Form 7/77) 

Request for preliminary examination j 
and search /Patenir^oiniit/?;? - 

Request for substantive examination q 
(Patents Form 10/77) 

Any other documents g 
(pieasespedfy) 



11. 



. -g^ 

12. Name and daytime telephone number of xt iv>r 

person to contact in the United Kingdom Maggs 

Tel: 020 7539 4200 

Warning ' ' ' ' 



IWe request the grant of a patent on the basis of (his appUcation. 
' '^^^^^^ Date 29.04.2002 . 



'etting 



conmunicaaon has been given, or any such direction has been revoked. P^'^''^^ PuMication or 
Notes 

a) ^yo'^^eedhelptoMJnthisformoryouhayeanyquestions.pleasecontactthePatentOmceonO 

b) Write your answers in capital letters using blade inlc or you may type them. 
^ui^J"°'^°"^''T^^°'^^^^'''^detaiisona^^ continue onasenarate 

d) ^youhave answered yes' Patents Form 7/77 will need to be Hied 

e) Onceyou have Med in the Ibrm you must remember to sign and date it 
V details of the fee and ways to pay please contact the Patent Office. 



Patents Foim 1/77 
1 




1 

* f 



Magnetic Resonance Imaging Receive Circuit 

The present mvention relates to a magnetic resonance imaging (MRI) receive 
circuit, and in particular although not exclusively to a balanced connection 
5 scheme for a small MRI antenna intended for use within the body of a patient. 
The invention finds particular although not exclusive application within the 
field of minimally-invasive MRI. 

Magnetic resonance imaging for medical diagnosis is well known. Typically, 
10 the entire patient or at least that part of the patient to be studied is placed within 
the coils of an Wl scanner. During a transmit phase, radio-frequency coils 
within the scanner generate a very strong static magnetic field (e.g. 0.5 Tesla). 
which causes the hydrogen nuclei within that part of tlie patient being imaged to 
align themselves, with 'the field. This primary magnetic field is very 
15 homogeneous and very time-constant. This primary magnetic field is then 
modified by three superimposed gradients, one for each of the x, y and z 
directions. These vary at audio frequencies, and are typically linear within the 
volume of interest. The function of flie gradients is to provide a spatial 
modulation of the field which can then be used in signal localisation. 

20 

After excitation from the radio frequency transmit coil and under the influence 
of the magnetic main field, the magnetic moments of the hydrogen nuclei gyrate 
at a firequency proportional to the local magnetic field strength, and eventually 
decay back to their equilibrium positions. In order to create an image, one or 
25 more radio frequency coils are used as receivers. The transmit coil may also be 
used for receive, or specialised receive coils may mstead be used. The gyration 
of the moments causes currents to be induced in the coils. By analysing those 




induced cuirents, and allowing for tiie tibree siq)erimposed gradients, the body 
parts of interest can be imaged. 

In minimally-invasive MRI, a separate, small, receiving coil or antenna is used 
5 to receive the signal, instead of or in addition to the radio-frequency coils of tiie 
MRI apparatus itself Such a coil may be placed either adjacent to the patient's 
skin or may be inserted by means of a probe into a patient's body cavity, for 
example into the colon. 

10 One such device, which represents tiie closest prior art known to the applicant, 
is described m A.J. Martin, R.F. McLoughlm, K.C. Chu, E.A. Barberi and BJC. 
Rutt: An Expandable Intravenous RF Coil for Arterial Wall Imaging J. Magn. 
Reson. Imaging. 8(l):226-234, 1998. ITiere are, however, a number of 
problems with this device. In particular, the circuitry is asymmetric with 

15 respect to the twisted pair of cables which connects to the antenna, so the 
system will not operate properly, and could even be. dangerous, if in the 
operating theatre the twisted pair of cables were to be connected the wrong way 
round. For the same reason, Hiore could be a danger if a large DC voltage were 
to be present on Ihe Ime, since that could cause large potential differences to 

20 arise in the twisted pair. This is a particular difficulty when antennas are used 
which look like short curcuits at DC (such as the one used by Martin et al). 

A number of other approaches are known in which MR coUs are inserted into 

patients, including the following: 
25 • Hurst & Misic: Methods in Biomedical Magnetic Resonance Imaging and 
Spectroscopy, chapter CoUs for Insertion into the Human Body, pages 
1373-1378. John Wiley & Sons, New York, USA, 2000. 
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• Ocali and Atalax; Intravascular Magnetic Resonance Imaging Using a 
Loopless Catheter Antenna: MRM 37: 1 12-1 1 8 (1 997). 

• Hurst Endovascvlar Coils for Interventional MRI, pages 50-54, in Lufkin: 
Interventional MRI, published by Mosby Inc. St Louis, Missouri, USA, 
1999. 

i 

• Dumoulin; Active Visualization - MR Tracking: in Debatin afid Adam 
(Eds.) Interventional Magnetic Resonance Imaging, Springer- Verlag, 
Berlin, 1998. 

• Hurst, Hua, Duerk and Cohen, Intravascular (Catheter) NMR Receiver 
Probe: Preliminary Design Amlysis and application to Canine Iliofemoral 
Imaging Magnetic Resonance in Medicine 24, 343-357 (1992), 

Other documents of background relevance to MEU imaging include the. 
following: 

• Hirata, Walczak and Swartz; Electronically Tunable Surface-Coil-Type 
Resonator for L-Band EPR Spectroscopy: Journal of Magnetic Resonance 
142, 159-167 (2:d00). 

• Misic et al; A Disposable Prostate Probe And Interface System for High 
Field: Book of Abstracts, Society of Magnetic Resonance m Medicine, 8* 
Annual Meeting, 1989. 
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• Kochariah.- Determination of Appropriate RF Blocking Impedance for MRI 
Surface Coils and Arrays: Magaetic Resonance Materials in Physics, 
Biology and Medicine 10 (2000) 80-83. 



5 • US Patent to Kess; US-A-5, 144.244. > 

• US Patent to Murphy-Boesch et al; US-A-4, 633. 181. 

It is an object of the present invention at least to aUeviate (he difficulties of the 
10 prior art. 

According to the present invention there" is provided a magnetic resonance 
imaging receive circuit, comprising: 

(a) a first portion including an rf antenna and decoupling circuitry 
15 adjacent to the antwma; 

(b) a spaced-apart second portion including mode, control circuitry for 
causing the decoupling circuitry to switch the circuit between an rf 
receive mode in which the antenna is tuned for receipt of an rf signal, 
and a decoupled mode in which end terminals of the antenna are held at a 

20 substantially equal DC bias potential; and 

(c) balanced cables connecting the first and second portions, the cables 
transmitting a DC control to the decoupling cii'cuitry when the chrcuit is 
in decoupled mode, and transmitting differential rf signals to the second 
portion when the circuit is in receive mode. 



25 



A circuit of Ihis type has a number of specific advantages over prior art circuits 
such as that shown in Martin et al. In particular, in circuits embodying the 



• # 
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present invention, there is no problem with swapping over of the cables, there is 
no problem with antennas which look like short circuits at DC, and there is the 
ability (if desired) to de-couple e.g. to ground even without having a capacitor 
in series with the antenna. In terms of safety, there is less danger when a large . 
DC voltage is present on^the line. In particular, the antenna and any matching 
circuit (not including the decoupling circuitry) experiences only one voltage. 
Also, if twin-axial cable or shielded twisted pair is used, the two central 
conductors will not in that case experience large potential differences. 

Preferably, the first portion includes matching circuitry which provides 
substantially complete impedance matching between the antenna and the cables. 
That ■ provides the additional advantage that the cab le-lengtli becomes 
substantially immaterial. In Martin et al, tlae length of the balanced cables is 
critical, since the decoupling impedance would otherwise vary in an unknown 
way. For a 0.5 Tesla field, the cable length has to be 3.5 metres. This may be 
inconveniently long in tiie operating theatre, forcing the surgeon to tie the cable 
up in some way before starting work. Miniature coaxial cable often used in 
minimally invasive applications is substantially lossy and prone to interference; 
its length should therefore be minimised. Also, the required cable length for 
the Martin et al system reduces as the magnetic field strength increases, making 
the required length inconveniently or even impossibly short for, say, a 1.5 Tesla 
field. If the rf antenna is fully matched proxunal to the antenna, the cable 
length becomes largely immaterial. 

Preferably decoupling is performed by using the potential difference between 
equal DC biases on both signal lines and a grounded shield to substantially 
ground specific points of the antenna (for example,- using diodes, where the 
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antenna is electrically connected to ground only via the scanner's receiver 
impedance during receive mode). 

Preferably, the fkst portion may be. attached to or be incorporated within an 
5 endoscope or catheter probe, for insertion into the body' cavity of a patient 
Alternatively, the first portion may be attached to, or form part of, a smface 
coil. 

The first portion may be modular, and may be designed to plug mto balanced 
10 cables of any desired length. The far end of the cables may, themselves, be 
plugged into a modular second portion. The modular first portion and/or the 
cables may be designed for single use, with the second portion (e.g. including a 

balun) designed for re-use. 

15 The invention extends to a magnetic resonance imaging device including a 
circuit as previously defined. 

The mvention may be carried into practice in a number of ways and one specific 
embodiment will now by described, by way of example, with reference to the 
20 accompanying drawings, in which: 

Figure 1 shows, very schematically, the surgical context within which the 
preferred circuit of the present invention may be used; 

Figure 2A shows a typical prior art receive circuit; 

Figure 2B shows, in functional form, the arrangement of an embodiment 
25 of the present uivention; 

Figures 3 shows an altraiative method of decoupling the antenna; 

Figure 4 shows a magnetic resonance imaging receive circuit according 
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to a preferred embodiment of the present invention; 

Figure 5 shows, schematically, the antenna in conjunction with an 
endoscope probe; and 

Figure 6 shows a magnetic resonance imaging receive circuit according 
5 to aiipther embodiment of the invention. 

Figure 1 shows, schematically, a typical surgical context within which the 

i 

preferred circuit of the present invention may be used. The patient 10 who is 
undergoing minimally-invasive surgery or treatment, has an endoscope probe 
10 11 inserted into a body cavity (for example the colon) throu^ a natural opening 
or a small wound 12 made in the skin. The endoscope is moved within the 
patient until it reaches an area 13 of mterest. . 

Surrounding the patient is an MRl scanner 14 having transmit/receive coils 15. 
15 In a transmit naode these e)q)Ose the patient to a radio frequency field, exciting 
the nuclear spins and thereby realigning their magnetic moments away from the 
equilibrium position. In a receive mode, they detect RF signals back from the 
patient's tissues. Control circuitry, and circuitry for producing gradients (not 
shown) are also provided. 

20 

As best seen in Figure 5, the endoscope probe 1 1 has, associated with it, a small 
receive antenna 16, typically of about 1 cm in diameter. Extending from the 
probe 11 is a line 17 which carries both coaxial cables for controlling and 
receiving signals from the antenna 16, and also an optical fibre which transmits 
25 light to and receive images back from, imaging optics 19 on .the probe. An 
detector/imaging unit 18 receives signals from flie optics 19, the antemia 16 and 
the transmit/receive coils 15, and displays either separate or superimposed 
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respective images 20,21,22. The position of the probe, within the field of the 
receive coils 15, may be tracked by means of a water-filled coil (not shown) 
formed within Ihe probe. 

Some method must be provided to decouple the receive antenna during the 

transmit portion of the imaging cycle. This is needed both to protect the 

receiver from large currents directly induced in the receive coil, and also to 

t 

avoid such currents distorting the homogeneous field that is created by the 
transmit coil 15. One conventional method of achieving this is with the 
arrangement shown in Figure 2A, using a single length of unbalanced coaxial 
cable as the transmission line, itere are a number of problems with such an 
arrangement, mcluding the need for the inductive elements to be placed at .a 
sufficient distance- from the antenna not to induce local magnetic field 
disturbance. 

Figmre 2B shows, in fimctional form, the arrangement of an embodiment of the 
invention. 

Figure 4 shows an exemplaiy circuit in more detail. The circuit consists of 
three parts: a first part 100 which is typically contained within or forms part of 
a probe for insertion into the patient, a transmission line 200, and a second 
portion 300 which is positioned away from the first portion to avoid interfering 
with the signal. 

The first portion 100 has an RF antenna (MI coil) which is coupled to a 
matching network consisting of series matchuig capacitors Csi and a parallel 
matching capacitor Cpi. The' antenna is matched to an impedance of 100 £1. 



The matching circuitry is connected to decoupling circuitry 120, within which 
diodes Dj short out the parallel matching capacitor when a positive DC bias is 
applied on flie received input. 

The transmission line 200 comprises two 50 Q micro-coaxial cables 52,54. 

The antenna, matching and decouplmg (detuning) circuit and the micro-coaxial 
cables may be implemented as a smgle subsystem; deUvering the received 
signal via two ports A, B, with a 180° phase shift. 

The output from the cables feeds into a second portion 300 of the circuit which 
fulfils the functions of a two-way, 180° power splitter/combiaer (i.e. functions - 
to provide signal combination with common-mode rejection). The ports A and 
B feed into a conditioning section 320 which includes blocking capacitors 64,66 
designed to block the negative DC bias present during the receive portion of the ' 
imaging cycle. Diodes 60,62 bypass these blocking capacitors to allow the 
positive bias during the transmit phase to pass. The current flow during the 
transmit phase is limited by resistors 56,58. 

During the receive portion of the cycle, radio frequency signals pass via the 
capacitors 64,66 and are received by a matching section 310. Here, series 
matching inductors 68,70 and parallel matching capacitors 72,74 match the two 
micro-coaxial cables 52,54 to a half wavelength (TJl) 50 CI coaxial delay Ime 
76. This delay line forms a balun 80 with output unpedance of 200 ft. 

The signials pass down a further coaxial cable 82 and are received at ports X, Y. 
The signals are then converted into appropriate images at a receiver 18, as 
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shown schematically in Figure 1. 



As previously mentioned, mode-selection is achieved by ^plying a DC 
potential difference between the ports: a positive.bias is applied during the 
transmit portion of the cycle (to decouple the circuit), and a negative bias is 
applied during receive. 

The circuit is manufactured entirely from non-ferromagnetic materials, to avoid 
interfering with the magaetic field. During transmit, the positive bias applied 
between points X and Y decouples the antenna 50 and prevents it oscillating. 
The way the circuit is designed ensures that, in that state, the same bias voltage 
is applied to both ends of the coil .. . • 

When in receive mode, the central cores of the micro-coaxial cables 52,54 
swing positively and negatively anti-symmetrically around ground. Since the 
signals passing along those cables are always 180* out of phase, there is little if 
any disruption caused to the surrounding magnetic field. Conversely, this also 
means that the effects of external interference are substantiaUy reduced. The 
use of such anti-symmetric (differential) signals allows a simple balun at the far 
end to be used to sum the out-of-phase responses. 

The arrangement shown in Figure 3 may be used to replace the decoupling 
circuitry 120 shown in Figure 4. Figure 6 shows an alternative embodiment. 

In some embodiments of the invention (not shown), the receive antemia 16 is 
not necessarUy used in conjunction with an endoscope, and is not, in use, 
inserted into a body cavity. Instead, it may be placed adjacent to the body 
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tissue or other material to be imaged. 

The circuitry of the preferred embodiment may be manufactured as a series of 
- distinct. modules. For example, in.Figure 4, the first pare 100 may. comprise. - 
one module, the transmission line 200 a second module, and the^second portion 
300 a third module. In use, the surgeon may select the appropriate modules for 
the surgical procedure to be xmdertaken. In particular, where there is a need to 

i 

insert the anteima into a patient's body cavity, the surgeon selects an 
appropriate endoscope or catheter. He then selects an appropriate cable; where 
the circuit is fiilly matched at the antenna, the surgeon will have a choice of 
cable lengths. The cable is then plugged into appropriate circuitry for 
providing signal combination with common mode rejection, this circuitry itself 
being plugged into a suitable receiver. In some embodiments, the entire 
catheter or endoscope and/or the cables may be disposable, and may be 
designed for once-only use. The more expensive far-end circuitry, including 
the balun, is reuseable. 

Finally, we turn to a detailed description of an exemplary implementation. 

The loop antenna 50 (Figure 4) was etched onto flexible copper clad (Crossley 
& Bradley Ltd, Krempel GMBH, KCL 2-35/50 FR). It was then fixed onto a 
cylindrical nylon former (13 mm diameter) using super glue and soldered to 
form the loops. The series capacitors Csi, each 45 pF, were implemented as a 
parallel combinations of a 47 pF (RS, 298-9141), 33 pF (RS, 298-9135) and a 
10 pF (RS, 243-386) capacitors. The parallel capacitor Cpi was a parallel 
combination of two 100 pF (RS, 298-9157) capacitors, and a 47 pF (RS, 298- 
9141) capacitor. All capacitors used were ceramic surface mount All, except 
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the 10 pF capacitors, were 1206 format packages and had a rating of 100 V DC. 
The 10 pF capacitors were smaller 0402 formats and had 50 V DC rating. The 
diodes Di were low loss radio jfrequency switching PIN diodes (Minion, BAR 
.3hQZY)'. Ti^Xhad a.reyerse DC yoItage,,rating of 30y and a forward current 
ratmg of 100 mA. The coil was covered using clear heat-shrink. The micro- 
coaxial cables 52,54 (Temp-Flex Cable Inc, 50 MCX-07-1) had an outer 
diameter of 1 mm and featured a silver only construction (no paramagnetic 
materials). The cables were terminated using SMB plugs (RS, 456-289). 

The power combiner was implemented on strip board and housed in a 50 mm 
by 160 mm by 130 mm aluminium casing (Famell, 930-246 and 930-349). 
Inputs from the micro-coaxial cable . were SMB bulkheads (RS, 295r5693). 
Signal from the bulkheads was transferred to DC blocking / transmitting sub- 
circuit by a short length (less than 80 mm) of 100 Ohm twinaxial copper and 
tinned copper cable (Belden, 9815). The blocking capacitors Ci 64, 66 were 
each comprised of 3 2200 pF ceramic surface mount capacitors with 100 V DC 
rating (RS, 298-9208). The same diodes as in the detuning circuit were used for 
llie D2 diodes 60, 62 (Infinion, BAR 65-02V). The current limiting resistors R2 
56, 58 were each constructed using two 8.20 kH resistors in parallel. Two 120 
nH (Coil Cr^ 1812SMS-R12J), one 100 nH (Coil Craft, 1812SMS-R10J) and 
one 33 nH (Coil Craft, 1812SMS-33J) air cored surface mount inductors 68, 70 
were combined in series to produce the inductors Ls3. The paiallel matching 
capacitors Cp3 72, 74 were constructed from a 47 pF ceramic surface mount 100 
V DC capacitor (RS, 298-9 141) and a variable capacitor with range 8.5 to 40 pF 
and a 100 V DC rating (RS, 832-431). Right angle 50 Ohm Shielded BNC 
Socket (RS, 447-392) were used to connect to the half-wavelength delay line 76 
and to the coaxial cable 82 leading to the receiver. Both liiese cables were 
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constructed using RG223/U (RS, 227-564) coaxial cable with BNC plugs (RS, 
193-4134) on either end. The 180 degree delay line was constructed by 
measuring an appropriate length of coaxial cable using the listed nominal 
velocity of. propagation to produce a delay line with more than 180-degrees^ 
phase shift. This was then trimmed. ^ 
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CLAIMS; 

1. A magnetic resonance imaging receive circuit, comprising: 

(a) a first portion including an rf antenna and decoupling circuitry 
adjacent to the ai^tenna; 

(b) a spaced-apart second portion including mode control circuitry for 
causing tlae decoupling circuitry to switch the circuit between an rf 
receive mode in which the anteima is tuned for receipt of an rf signal, 
and a decoupled mode in which end terminals of the antenna are held at a 
substantially equal DC bias potential; and 

(c) balanced cables comecting the first and second portions, the cables 
* transmitting a DC control to the decoupling circuitry when the- circuit is • 

in decoupled mode, and transmitting differential rf signals to the second 
portion when the circuit is in receive mode. 

2. A circuit as claimed in claim 1 in which the first portion includes 
matching circuitry which provides substantially complete impedance matching 
between the antenna and the cables. 

3. A circuit as claimed in any one of the preceding claims in which the 
second portion mcludes a balun for converting a differential mode signal on the 
cables to a common mode signal which is then passed to a balun output; and 
for rejecting any common mode signal on the cables. 

4. A circuit as claimed in claim 3 in which the second portion includes 
balun matching circuitry providing substantially complete impedance matching . 
between the balim and the cables. 
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5. A circuit as claimed in claim 4 in which the balun is arranged to convert 
a DC signal applied to the balun to equal DC biases on the balanced cables. 

6. A circuit as claimed in any ojie of the preceding claims in which the 

antenna is matched when in rf receive mode by tuning circuitry within the first 

portion. 
i 

7. A circuit as claimed in any one of claims 1 to 5 in which the antenna is 
matched when in rf receive mode by first tuning circuitry within the first 
portion and second tuning circuitry within the second portion. 

8. A circuit as claimed in any one of the preceding claims including means 
for restricting the cun*ent flowing alpng the cables when in decoupled mode. 

9. A circuit as claimed in any one of the preceding claims in which the 
cables comprise a pair of co-axial cables. 

10. A magnetic resonance imaging device including a circuit as claimed in 
any one of the preceding claims. 

11. A magnetic resonance imaging device as claimed in claim 10 including 
an endoscope or catheter probe, the antenna being mounted to the probe. 

12. A device as claimed in claim 11 in which the endoscope or catheter 
probe, and the said first portions are designed for single-use. 
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ABSTRACT 

A magnetic resonance imaging receive circuit, for use e.g. within the body of a 
patient during an MR imaging procedure, includes a balanced MR coil (50) 
connected to balanced matching and decoupling circuitry (110,120). Signal 
transfer passes along two micro-coaxial cables (52,54) to signal combination 
circuitry (300) with common mode rejection. Signals then pass aiding a further 
. coaxial cable (82), to a receiver. The coil (50) may be incorporated into an 
endoscope or catheter probe, so providing detailed MR imaging of the treatment 
area. , • .< 



(Figure 4) 
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